Telmisartan, a selective antagonist for angiotensin type1 receptor and a partial agonist for peroxisome proliferator-activated receptor-c, decreases blood pressure and has been shown to improve glucose and lipid metabolism, suggesting potential cardiovascular protective effects. In this study, we investigated whether long-term treatment with telmisartan improved endothelial function in 35 hypertensive patients with type 2 diabetes mellitus (T2DM). Office and home early morning blood pressure levels and flow-mediated vasodilation (FMD) were evaluated before and after 12 months of treatment with telmisartan. Blood samples were also obtained for measurement of several biochemical parameters and of adiponectin (AN) and highly sensitive C-reactive protein (hs-CRP) before and after treatment. After 12 months of treatment, office and morning blood pressure levels had significantly decreased, and levels of plasma glucose, glycosylated hemoglobin, total cholesterol, triglyceride and low-density lipoprotein cholesterol had also significantly decreased. Plasma AN and high-density lipoprotein cholesterol levels increased, but hs-CRP levels decreased. Furthermore, FMD significantly increased; changes in percent FMD showed a significant negative correlation with changes in systolic and diastolic blood pressure and a significant positive correlation with changes in AN. Stepwise multivariate regression analysis revealed that changes in plasma AN and office systolic blood pressure were both independent determinants for endothelial function after telmisartan treatment. In conclusion, this study shows that long-term treatment with telmisartan improves not only blood pressure and glucose and lipid metabolism but also endothelial function in hypertensive patients with T2DM, possibly by increased circulating AN and decreased blood pressure.
INTRODUCTION
Essential hypertension and type 2 diabetes mellitus (T2DM), as well as dyslipidemia, smoking and certain genetic factors, are major risk factors for atherosclerosis and are associated with a high incidence of cardiovascular events. Endothelial dysfunction, characterized by impaired endothelium-dependent vasodilation, is considered to be an early event in the development of atherosclerosis. 1 A growing body of evidence suggests that endothelial dysfunction is reversible after treatment and may be a prognostic predictor for improvement in cardiovascular disease. [2] [3] [4] In hypertensive and diabetic conditions, both the renin-angiotensin system and insulin resistance are believed to have important roles in the pathogenesis of endothelial dysfunction and in the development of atherosclerosis. [5] [6] [7] [8] On the basis of their cardiovascular protective effects, pharmacological blockers of the renin-angiotensin system such as angiotensin-converting enzyme inhibitors (ACEI) and angiotensin II receptor blockers (ARB) have been widely used to treat patients with hypertension, whereas insulin sensitizers such as peroxisome proliferator-activated receptor (PPAR)-g agonists have been used to treat patients with hypertension and diabetes, respectively. 3, 8, 9 Among several ARBs used clinically worldwide, telmisartan is a unique compound because it functions as a partial agonist for PPARg. [10] [11] [12] [13] In hypertensive patients associated with T2DM and/or the metabolic syndrome, several clinical studies have shown that telmisartan has beneficial effects on glucose and lipid metabolism in addition to its antihypertensive effect. [14] [15] [16] [17] Thus, cardiovascular protective effects of telmisartan in hypertensive patients with T2DM could be due to the combined actions of its potent blockade in the renin-angiotensin system and its partial activation of PPARg.
In this study, we investigated whether long-term treatment with telmisartan improved endothelial function in patients with essential hypertension and T2DM, and if so, we sought to clarify the determinant factor(s) responsible for the improvement.
METHODS

Study population and design
Patient demographics are shown in Table 1 . In all, 35 patients with T2DM and hypertension were recruited. Regardless of whether patients were taking antihypertensive or antidiabetic drugs, hypertension was defined as elevated systolic blood pressure (SBP) X135 mm Hg and/or elevated diastolic blood pressure (DBP) X85 mm Hg measurements taken at home in the morning, and T2DM was defined as elevated fasting glucose (X126 mg dl À1 ) and elevated glycosylated hemoglobin (X6.5%). A total of 17 patients were current smokers, and 15 had dyslipidemia. Diabetic complications, previous cardiovascular events and all antihypertensive, antidiabetic and cholesterol-lowering drugs used are summarized in Table 1 .
This was a 1-year, open-label prospective study. The study protocol was approved by the Ethics Committee of our institute, and informed consent was obtained from each patient. Each patient's prestudy medications were maintained throughout the study period, except for ACEIs and ARBs (if used), which were discontinued before the entry of participants into the study and replaced with telmisartan. All patients were started on telmisartan (40 mg) and maintained on the same dose throughout the study period without any adverse effects. Measurements of physiological and biochemical parameters were evaluated before and after the 12-month-long treatment.
Measurement of morning (home) blood pressure
Morning blood pressure was measured at home using an electronic oscillometric arm-cuff device (HEM-075; Omron Healthcare, Tokyo, Japan) according to the Japanese Society of Hypertension Guidelines for Self-Monitoring Blood Pressure at Home. 18 Briefly, after 5 min of rest in the sitting position, patients carried out three successive measurements of blood pressure in the time between waking and 1000 hours (within 1 h of rising, after urination and before breakfast and medication). The mean blood pressure of 3 consecutive days was taken as the morning blood pressure value. The morning blood pressure values before and after treatment were determined as the average value of each of 3 consecutive days.
Measurement of vascular endothelial function and office blood pressure
To assess vascular endothelial function, flow-mediated vasodilation (FMD) was measured by ultrasound, using a SONOS 5500 machine (Philips Medical System, Andover, MA, USA) equipped with an 11 Mhz ultrasound probe as described previously. 19, 20 Office blood pressure was defined as blood pressure measured by a mercury column sphygmomanometer after a seated, 5 min rest and before FMD measurement. The percent FMD (%FMD) of the brachial artery was expressed as the percentage increase in maximal diameter from the baseline within 120 s after cuff deflation. Inter-and intra-observer variability rates for FMD in our laboratory were previously shown to be 8.3 ± 2.1% and 6.9 ± 1.3%, respectively. 19 
Measurements of biochemical parameters
Blood samples were drawn from the antecubital vein after an overnight fast lasting at least 12 h. Fasting plasma glucose, glycosylated hemoglobin, serum total cholesterol, serum triglyceride, low-density lipoprotein cholesterol and high-density lipoprotein cholesterol levels were measured by an autoanalyzer (HLC-723G7; Tosoh Corporation, Tokyo, Japan). Fasting immunoreactive insulin was measured by an immunoradiometric assay (Mitsubishi Chemical Medience, Tokyo, Japan). Plasma total adiponectin (AN) and highly sensitive C-reactive protein (hs-CRP) levels were measured by enzyme-linked immunosorbent assays (Fujirebio, Tokyo, Japan) and latex-enhanced immunometric assays (Mitsubishi Chemical Medience), respectively.
Statistical analysis
Results are presented as mean±standard deviation (s.d.). Changes in various parameters after 1 year of treatment with telmisartan were analyzed using the paired Student's t-test. Simple linear regression analysis was used for dependent factors that were independently associated with a dependent variable. A forward stepwise multivariate regression analysis was used to identify factors that were independently associated with a dependent variable. Independent variables included in this model were those that reached statistical significance in simple linear regression analysis.
P-values o0.05 were considered to be statistically significant. All statistical analyses were carried out using Windows software StatView 5.0 (SAS Institute, Cary, NC, USA).
RESULTS
Changes in blood pressure, vascular endothelial function and biochemical and metabolic parameters after treatment with telmisartan Table 2 shows the changes in the various parameters examined before and after treatment. Morning and office blood pressure (SBP and DBP) levels were significantly decreased (Po0.001) after 1 year of treatment with telmisartan; a significant decrease in body mass index was also noted. Percentage FMD was also significantly increased after treatment, suggesting improved vascular endothelial function after treatment. Fasting plasma glucose, glycosylated hemoglobin, total cholesterol, triglyceride, low-density lipoprotein cholesterol and hs-CRP levels, but not fasting immunoreactive insulin, decreased significantly (Po0.05), whereas total AN and high-density lipoprotein cholesterol levels were significantly increased (Po0.001) after treatment. As shown in Table 1 , 15 (42.9%) and 3 (8.3%) patients had been taking ACEI/ARB or thiazolidinedione before this study, respectively. There were no significant differences in blood pressure changes between those patients with and without pretreatment with ARB/ ACEI after telmisartan treatment (data not shown). There were no significant differences in changes in metabolic markers and plasma AN levels between those patients with and without pretreatment with pioglitazone after telmisartan treatment (data not shown). 
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Correlations of FMD with blood pressure and biochemical metabolic parameters To determine which parameters were responsible for the improvement in endothelial function after telmisartan treatment, a simple regression analysis of the changes in %FMD and other parameters was carried out. As shown in Figure 1 and Table 3 , the changes in %FMD were negatively correlated with changes in morning and office blood pressure (SBP and DBP) levels and positively correlated with changes in AN; however, changes in %FMD and other biochemical parameters were not correlated (Table 3 ). There was a significant positive correlation between %FMD and absolute value of total AN after treatment (r¼0.44, P¼0.017), whereas no significant correlation was present before treatment (r¼0.069, P¼0.71).
Changes in office SBP and AN are independent determinants of endothelial function Because the changes in morning and office blood pressure (SBP and DBP) levels and AN were significantly correlated with changes in %FMD in a simple linear regression analysis, these factors were included in a stepwise multivariate regression analysis as possible independent variables. As shown in Table 4 , changes in office SBP (b¼0.43, P¼0.012) and AN (b¼À0.38, P¼0.027) were found to be independent determinants for endothelial function after long-term telmisartan treatment.
DISCUSSION
This study clearly showed that long-term treatment with telmisartan not only reduced blood pressure but also improved metabolic parameters and endothelial function in hypertensive patients with T2DM. We found that an increase in FMD correlated with decreased blood pressure and increased plasma AN levels and that both office SBP and plasma AN levels are independent determinants for improvement of FMD. These results suggest that blood pressure and AN are both key factors responsible for the improvement in endothelial function after long-term telmisartan treatment. After 1 year of treatment with telmisartan in this study, morning and office blood pressure levels, as well as body mass index, decreased significantly, and glycemic control and lipid profiles improved, suggesting that improved endothelial function after long-term telmisartan treatment is associated with a reduction in blood pressure and improvement in several biochemical metabolic parameters. Telmisartan, in addition to its blood pressure-lowering effect, has been reported to exert its antiatherogenic effect by blocking angiotensin II-induced oxidative stress and inflammation in cardiovascular tissues. 3, 9, 21 Furthermore, telmisartan has been reported to have an antidiabetic effect, [14] [15] [16] [17] possibly by improving insulin sensitivity. Telmisartan, a unique ARB, has proven to be a partial PPARg agonist because of its structural similarity to thiazolidinedione derivatives, thereby improving insulin sensitivity and reducing inflammation. 10, 11, 22 Indeed, several previous studies showed that, compared with other ARBs, telmisartan has more beneficial effects on metabolic and endothelial function in hypertensive patients with the metabolic syndrome, IGT or T2DM, [23] [24] [25] suggesting a PPARg agonistic action in addition to its function as an ARB. In the recent ONTARGET study, however, telmisartan was shown to be as effective as the ACEI ramipril in reducing the frequency of newly diagnosed diabetes in patients with coronary, peripheral and cerebrovascular disease without diabetes. 26 It is possible that the collective beneficial effects of telmisartan on metabolic parameters (fasting plasma glucose, glycosylated hemoglobin, total cholesterol, triglyceride, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol) and an inflammation marker (hs-CRP), as shown in this study, are largely attributable to angiotensin II blockade, but they may also be partly due to PPARg agonist action.
This study further showed that endothelial function significantly improved after long-term treatment with telmisartan in hypertensive patients with T2DM. Our results are in agreement with those of previous studies showing that short-term (4-12 weeks) treatment with telmisartan improved endothelial function in patients with essential hypertension and diabetes. 24, 27, 28 In addition to the previous shortterm observations, 24,27,28 we clearly showed the markedly beneficial effect on endothelial function after long-term (1-year) treatment with telmisartan. Furthermore, our study showed for the first time that the improvement in FMD correlated with the reduction in blood pressure and the increase in circulating AN after treatment with telmisartan. However, it may be difficult to determine whether the improvement in endothelial function after long-term telmisartan treatment should be attributed to ARB action, PPARg agonist action, or both. It is noteworthy that telmisartan has been shown to improve endothelial function to a greater degree than losartan in hypertensive patients with impaired glucose tolerance, 24 suggesting the possible role of telmisartan as a partial PPARg agonist in endothelial function.
This study revealed that the increase in AN levels after long-term treatment with telmisartan is an independent determinant for the improvement of endothelial function. In addition to the correlation between changes in AN and %FMD, the absolute level of total AN was significantly correlated with %FMD after telmisartan treatment. As our findings confirmed, several previous studies showed that treatment with telmisartan increased plasma AN levels in patients with T2DM, [29] [30] [31] whereas treatment with ACEIs (ramipril) or other ARBs (losartan, candesartan, valsartan) did not affect AN levels. 30, 31 Thiazolidinedione derivatives have been shown to increase the expression of AN, 32 a collagen-like protein produced specifically by adipocytes and secreted into circulation. Circulating AN levels have been reported to be lower in patients with morbid obesity, metabolic syndrome or T2DM. 33 We recently showed that short-term (12-week) treatment with pioglitazone significantly increased plasma AN levels in patients with metabolic syndrome; this correlated with improved endothelial Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FIRI, fasting immunoreactive insulin; %FMD, percent flow-mediated vasodilation; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; hs-CRP, highly sensitive C-reactive protein; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.
Effect of telmisartan on endothelial function T Wago et al function. 34 Furthermore, it has been shown that plasma AN level is predictive for endothelial function in healthy participants 35 and that plasma levels of the high-molecular-weight form of AN are a more biologically active marker than levels of total AN in humans. 35, 36 In fact, it has been shown that AN directly stimulates nitric oxide production in endothelial cells in vitro. 37 Taking these findings together, it is possible that even the mild change in total plasma AN level after telmisartan treatment observed in this study may be involved in improving endothelial function by increased endothelial nitric oxide production. Although it is well recognized that hypertension is associated with endothelial dysfunction, it remains unproven whether antihypertensive drugs improve endothelial function solely by decreasing blood pressure. 38 Nevertheless, the present study clearly revealed that the decrease in office SBP by telmisartan treatment was another independent determinant for improved endothelial function. In contrast to our study, Perl et al. 24 reported that the improvement in FMD by telmisartan was independent of blood pressure. The discrepancy between Perl's study and ours may be attributable to the different study populations and designs. The durations of treatment in our study and Perl's study were 1 year and 12 weeks, 24 respectively. In addition, the patients enrolled in our study had higher blood pressure and showed a more profound antihypertensive effect by telmisartan than those in Perl's study. 24 This suggests that the longer period of A multivariate analysis in this study showed that changes in both office SBP and AN are independent determinants of FMD improvement after telmisartan treatment. However, it remains unknown why only office SBP among several blood pressure measurements was found to be a determinant for improvement in FMD after telmisartan treatment. This may be partly accounted for by the small size of the study population and/or the relatively accurate values of office blood pressure measured just before FMD measurement.
Our results seem to be in accordance with those of Perl's study that showed that improvement in FMD after treatment with telmisartan was independent of glucose metabolism. 24 However, it remains unknown why treatment of diabetes and dyslipidemia, both major cardiovascular risk factors, did not affect endothelial function in this study. It is tempting to speculate that the anti-inflammatory and antiatherosclerotic effects of telmisartan may contribute to the improvement of endothelial function by increased AN and decreased oxidative stress. 28 There are several limitations in this study. First, it is an open-label study that did not use a placebo or specify other antihypertensive drugs for comparison. Therefore, it seems difficult to determine the precise mechanism(s) by which telmisartan functions as an ARB and/ or PPARg agonist to improve endothelial function after the year-long treatment observed here. Second, because improved endothelial function was shown in patients with hypertension after treatment with various antihypertensive agents, [38] [39] [40] we could not exclude the possibility that some patients pretreated with various antihypertensive drugs already had improved endothelial function before this study. Nevertheless, this work clearly shows that endothelial function was significantly and similarly improved after 1 year of treatment with telmisartan either with or without pretreatment with ACEI/ARB and/ or thiazolidinedione before the entry of patients into this study. This suggests that newly started telmisartan could have contributed to the improvement in endothelial function observed in this study. Finally, all our patients followed the standard management protocols of diet and mild exercise for diabetes used at our department. As this was an open-label study (a limitation, as discussed), it is difficult to differentiate the influence of telmisartan from the effects of our standard diabetes management. Nevertheless, several clinical studies that included control subjects have already shown that treatment with telmisartan led to significant improvements in metabolic profile and body weight. [14] [15] [16] [17] 41 Thus, it is reasonable to assume that the improvement in endothelial function observed in our study could have resulted from telmisartan treatment.
In conclusion, our study shows that 1-year treatment with telmisartan improved not only blood pressure and glucose and lipid metabolism but also endothelial function in hypertensive patients with T2DM, and that increases in plasma AN levels and decreases in office SBP are both independent determinants for improvement in endothelial function. These findings suggest a therapeutic role for telmisartan in improving endothelial function for the prevention of atherosclerosis in hypertensive patients with T2DM. 
